Summary
Facial abscesses in a colony of common marmosets were found to be caused by :\bscessation of an upper canine tooth root. Trauma to the upper canine, resulting in exposure of the pulp cavity, was thought to be the mode of infection. Radiography was the most useful diagnostic aid in establishing the nature and extent of the lesion. Antibiotic therapy alone was inadequate, and provision of drainage by extracting the tooth, in conjunction with antibiotics, proved the most effective treatment.
Persistent or recurrent facial abscesses occur in many' species, particularly the dog, in which the primary lesion is a tooth root abscess, usually of the last upper premolar or first molar tooth. A similar lesion is also found in the cat (Joshua, 1965) . Abscesses thought to have originated in the oral mucosa have been reported in mice (Clarke, Taylor, Hall & Jones, 1978) , but the teeth were not involved.
In man, tooth root abscess formation is a not uncommon sequel to pulpitis, usually caused by dental caries (Marsh, 1980) . Exposure of the pulp cavity by fracture of a tooth may lead to a similar result. In contrast to infection of the closed pulp cavity, which causes considerable pain, wide exposure of the cavity gives rise to a chronic, less painful condition. Abscess formation at the tooth root apex may be acute or chronic, though chronic abscesses which drain freely from a sinus may be symptomless. Spread of infection leads to osteomyelitis, perforation of cortical bone, sinusitis, cellulitis and suppuration in adjacent tissues (Lucas, 1966) .
This paper reports the occurrence of facial abscess in a colony of common marmosets (Callithrix jacchus). It was a common clinical problem, usually presenting as swelling of the cheek, followed by local abscessation. Other conditions of the face and head sometimes occurred, the commonest of which was unilateral swelling and inflammation of the conjunctiva and nasal discharge. 
Materials and methods

Management of the colony
The colony consisted of a breeding unit of 60 pairs of common marmosets and their progeny, together with 64 marmosets on long-term behavioural experiments drawn from the breeding unit. Breeding animals were caged in All-Type Tools marmoset cages (All-Type Tools, Woolwich Industrial Estate, London SE2) with wooden perches. Experimental animals were caged singly in cages with all-metal fittings.
All marmosets were fed Mazuri primate pellets (SDS Ltd, 1 Step field , Witham, Essex) supplemented with whole milk powder, casilan, glucose, hard-boiled eggs, malt bread and fruit. Abidec multivitamin drops (Parke, Davis & Co. Ltd, Usk Road, Pontypool, Gwent) and vitamin D3 (Roche Products Ltd, 318 High Street, North, Dunstable, Bedfordshire) were added to the diet.
All marmosets were handled frequently by a technician wearing leather gloves. They often bit the gloves, occasionally causing trauma and bleeding of the gum at the base of the incisor and canine teeth.
Pathology
To investigate more fully the ongm of a typical facial abscess, 1 marmoset was left untreated and was killed when the abscess had fully developed. At necropsy the head was fixed in 10% buffered neutral formalin. It was later decalcified in Gooding and Stewart's fluid and cut into coronal slices. Tissues were processed by standard methods and 5-J.1m paraffin sections were cut and stained with haematoxylin and eosin.
Bacteriology
Samples of purulent exudate from cheek abscesses, from the tooth socket or nasal exudate were taken from 8 marmosets for bacteriological examination. 5% horse blood agar plates were inoculated immediately after collection and incubated at 37°C aerobically and anaerobically for 48 h. Prolonged anaerobic incubation was carried out for 3 samples.
Radiography
Radiographs were taken under ketamine sedation (Vetalar: Parke, Davis & Co. Ltd, Usk Road, Pontypool, Gwent) of 2 marmosets' heads to confirm the diagnosis and to assess the extent of osteomyelitis and bone damage. The exposure used was 46Kv, 100mA for 0'1 s at 101·6cm. The film used was Kodak X-OMAT XL6.
Results
Clinical findings 19 cases were seen over a 3-year period. The most common clinical picture was of sudden swelling of 1 cheek, followed after 24-48 h by abscess formation and spontaneous external discharge of pus. In 6 marmosets the presenting signs were unilateral watery ocular discharge and inflammation of the conjunctiva. There was also a unilateral mucopurulent nasal discharge.
All affected animals were adults aged 2-9 years. They were usually in good health and showed no detectable signs of pain or discomfort. Appetite and ability to prehend and masticate food were not affected, but a slight fall in bodyweight was often recorded.
On examination of the mouth, the upper canine tooth on the affected side was seen to be broken or shortened by wear, exposing the pulp cavity. Only 1 animal with a facial abscess had apparently undamaged canine teeth.
An investigation into the condition of the incisor and canine teeth of normal adult marmosets in the colony was also carried out. 30 animals of different ages were examined. Considerable variation was found in the state of the teeth. Broken, missing or very worn canines were seen in 9/30 marmosets and a slight reduction in canine tooth length due to wear in 5/30. Although the teeth were frequently discoloured and there was plaque formation, calculus was present in only 6 animals. Gingivitis involving the canine or incisor teeth was found in only 1 animal.
Macroscopic findings
Necropsy was only possible when marmosets were killed for other reasons. In 2 such animals pus was found in the orbit at autopsy, and in one other old individual which had had recurrent abscesses, there was marked unilateral atrophy of the masseter muscle and loss of vision in one eye.
Histopathology
In the I animal examined histologically there were large areas of abscessation, extending from the ulcerated epithelium of the alveolus, through the surrounding tissue to the skin surface. Many of the polymorphonuclear leucocytes in the exudate and in the alveolus were undergoing lysis. Most of the periodontal membrane had disinte-Baskerville grated and the tooth was attached only over a small area. There was necrosis of much of the bone of the maxilla along the abscess track.
Bacteriology
No single organism was consistently isolated. A variety of bacteria were cultivated aerobically, including streptococci, Serra cia spp., Proteus spp. and Eikenella corrodens. Samples from 2 abscesses were culturally negative. Prolonged anaerobic culture yielded slow growing Gramnegative rods which were morphologically similar to Bacteroides spp., but were not definitively identified.
Radiography
In the 2 animals examined radiographically there was obvious loss of density of bone of the maxilla, both around the alveolus and where it formed the medial wall of the orbit (Fig. 1) . When the eye of 1 animal was removed subsequently the medial wall was found to be extensively eroded, so that there was direct communication between the orbit and the nasal cavity. This animal made a good recovery.
Treatment
A thorough examination of the teeth was carried out routinely in animals exhibiting any of the Facial abscess in marmosets symptoms described, under ketamine sedation if necessary. Antibiotic therapy alone was given initially if the animal was heavily pregnant or if the diagnosis was uncertain. Oxytetracycline (Terramycin' Syrup 20 mg/day: Pfizer Ltd, Sandwich, Kent) was given orally for 5 days. Metronidazole (Flagyl-S 10 mg/day: May & Baker Ltd, Dagenham, Essex) was used where bacteriological culture of pus from an abscess did not produce any growth aerobically and the presence of an anaerobe was suspected.
In 10 Marmosets the upper canine tooth was removed under general anaesthesia using 0'1-0'15 ml ketamine hydrochloride (1 00 mg/ml) intramuscularly (Lm.). The tooth was freed from its attachments in the socket using a No. 11 straight triangular cutting suture needle. The tooth was then twisted and removed with small Spencer Wells artery forceps. The affected tooth was loose in only 2 animals. In these the root itself was eroded, but in all others it was firmly embedded. Difficulty was sometimes experienced when the tooth had been worn or broken off close to the gum, but in all cases extraction of the complete root was successfully accomplished. Oxytetracycline was given routinely afterwards for at least 3 days orally or i.m. (10 mg/kg). In 3 marmosets involvement of the orbit by the suppuration required enucleation of the eyeball. In these animals broad spectrum antibiotic therapy was given orally or Lm. for up to 10 days postoperatively.
Results of treatment
Antibiotics alone effected a permanent cure in only 1/11 animals. In the other cases the clinical signs returned after an interval varying from 2 weeks to 6 months. 5/10 marmosets in which the upper canine tooth was removed recovered rapidly and had no recurrence after at least 6 months; 2 marmosets subsequently developed ocular symptoms. Some animals were killed for other reasons before long-term improvement could be evaluated. All 3 which had the eyeball removed made an uneventful and permanent recovery.
Discussion
The permanent cure effected by removal of the upper canine tooth in many cases of facial abscess, in contrast to the temporary response after antibiotic therapy alone, suggested that the tooth root alveolus was the original focus of infection. Although material for histopathology was available from only 1 animal, sections showed clearly the connection between the point of discharge of the lesion on the cheek and the upper canine alveolus.
It can be readily appreciated on examination of the marmoset's skull how close the long canine 117 tooth root lies to the cheek, nasal cavity and orbit. This has been observed previously in relation to nasal tumours in this species (Baskerville, Baskerville & Manktelow, in press ). The inner wall and floor of the orbit are formed by the superior maxilla (Beattie, 1927) . A focus of infection with inadequate drainage in this area is therefore very likely to form a fistula, either to the cheek surface or into the orbital cavity. Orbital involvement occurs uncommonly and this is fortunate, since it is not apparent clinically until the orbit and surrounding structures are extensively damaged. These marmosets remain in good health, with no apparent discomfort, even when there is extensive maxillary osteomyelitis. Differential diagnosis in these cases may be difficult, since identical symptoms are produced by traumatic injury (fight wounds) and by squamous cell and undifferentiated carcinomas of the nasal cavity (Baskerville et al., in press ). The prognosis is very much worse for the animals with tumours. Limited haematological studies showed that total white cell counts were not sufficiently changed in any of these groups to be of diagnostic significance. Radiography was found to be the most useful aid in establishing both the nature and extent of the lesion.
Diet probably has some influence on the development of dental disease in captive marmosets and may well be the principal factor in the accumulation of plaque and calculus seen on the teeth. There is no evidence to suggest that diet plays a significant role in the aetiology of canine tooth root abscessation in this species. Gingivitis was noted in only 1 animal and caries was not present in any of the teeth examined. The marmoset has been shown to develop spontaneous periodontal disease associated with bacterial plaque and calculus, but the lesion is a chronic inflammation with progressive loss of alveolar bone (Levy, 1971) and is thus different from the condition described here.
The high incidence of damage to the canine teeth in marmosets during the period of this study suggests that exposure of the pulp cavity is the most likely route of entry of pathogenic organisms. The upper canines are very long in marmosets of both sexes, protruding considerably beyond the level of the incisors and premolars, and in some cases projecting between the lips when the mouth is closed. Marmosets with access to wooden perches do gnaw the wood and this may be one of the most important causes of traumatic damage to the canine teeth. However, those kept in allmetal cages had a similar incidence of broken canines, but there was no evidence that they had gnawed the metal perches. Other causes of trauma must therefore be responsible in some animals and the most likely of these is biting the leather gloves of handlers.
Marmosets quite literally sink their teeth into leather gloves and gauntlets when restrained and this causes tearing of the alveolar attachment of incisors and canines if attempts are made to detach them.
In man almost any of the organisms making up the normal oral flora may be cultured from an infected root canal (Burrows, 1959) . A mixed population, predominantly anaerobic, is characteristically cultured, which may not always include the true pathogen.
Bacteroides melaninogenicus, anaerobic streptococci, Campylabacter sputorum and Eubacterium spp. are all commonly isolated (Marsh, 1980) . The bacteria isolated aerobically from the marmosets were probably not of pathogenic significance.
Prolonged anaerobic culture was only attempted in 3 cases and as the bacteria isolated could not be closely identified the primary pathogens are unknown.
From the results of treatment of tooth root abscesses it can be seen that antibiotic therapy alone is usually inadequate, probably because the provision of drainage is essential. The lesion is commonly not diagnosed until bone erosion and fistulation have occurred. By this time the canine tooth should be removed immediately. In those animals with extensive involvement of the orbit, removal of the eyeball in conjunction with antibiotic therapy was found to give very good results, the animals adapting quickly to the partial loss of vision.
